Objective: To explore how the 2 most important components of surgical performance-speed and accuracy-are influenced by different forms of stress and what the impact of music is on these factors. Background: On the basis of a recently published pilot study on surgical experts, we designed an experiment examining the effects of auditory stress, mental stress, and music on surgical performance and learning and then correlated the data psychometric measures to the role of music in a novice surgeon's life.
auditory stimulation on surgical performance. 2 Since that publication, there has been increasing interest in improving patient safety in the operating room through a better understanding of environmental stimuli and surgical outcome. Unequivocal conclusions have yet to be drawn from the research on the effects of music as a modulator of work environments with respect to performance, concentration, communication, and stress. For example, in a survey by Hawksworth et al, 3 the majority of staff interviewed had a negative opinion of music in the operating theatre. 3 Both the flight industry and military have also reported auditory stimuli as a cause of stress impacting performance. [4] [5] [6] However, the true effects of music and other auditory stimuli are still being investigated.
Studies have shown that music can have a positive, negative, or neutral effect on surgical performance. 7, 8 McGrath demonstrated that background music can improve task performance. 9 A questionnairebased study also showed a correlation between music in the operating room and reduced stress levels of operating staff. 10 However, Miskovic et al 8 showed that music during training procedures in the operating room may be a distraction to novice surgeons. Conversely, Moorthy et al 11, 12 found no effect from auditory stimuli on surgeon task performance, with time to complete tasks as the primary measure. Hawksworth et al 3 confirmed this observation in anesthesiologists exposed to a variety of auditory stimuli.
The effect of various parameters of music on performance and concentration requires further investigation. These parameters include self-selected music versus experimenter-selected music. Distinctions in the literature have been made between dichotic music (2 different type of music in each ear) and classical music, between loud and quiet music and other modulators of acoustic stimuli. 13 We have shown in a pilot study that auditory conditions and mental loading impact performance of even world-renown experts during laparoscopic surgery. 14 In this experiment, experts were better able to complete tasks in the presence of classical music. Dichotic music and mental loading, however, could negatively impact expert surgeons' performance, although the data were heterogeneous. Other studies report that random background music improves task performance and responsiveness significantly more than continuous noise, broadband sounds, or silence. 15 This crossover study examines the effect of auditory stress (dichotic music) and auditory relaxation (classical music) on laparoscopic motor skill performance in novices and compares these results to the effects of the internal stresses of mental loading (arithmetic tasks). Subjects were asked to perform 4 standardized tasks on a laparoscopic surgery simulation trainer twice, the second time after a short break between trials, to evaluate their ability to consolidate the memory of the performed task. Performance was evaluated on the basis of time to completion and tip trajectory (path of tip through space). After conclusion of the tasks, subjects completed the brief Music Experience Questionnaire (MEQ), a self-report measure of individual differences in reactions to music. 16 The MEQ assesses 6 aspects of music experience that are summarized by 2 dimensions: Subjective/physical reactions to music (eg, emotional reactions) and active involvement in music (cognitive/behavioral involvement). It was hypothesized, on the basis of pilot studies, that novice surgeons would show improved task performance in the presence of auditory relaxation and decreased performance in the presence of auditory stress or mental loading. The degree of influence on the 2 major components of surgical performance (speed and accuracy) by the test conditions, as well the effects on surgical learning, was to be determined by this study.
METHODS
Thirty-one volunteer novices of surgery with no previous laparoscopic training were asked to complete 4 simple, standardized tasks on the surgical computerized laparoscopy simulator Surgi-calSIM VR (Medical Education Technologies, Inc, Sarasota, FL) ( Figure 1 ). No active selection of the volunteers was performed to avoid selection bias. The virtual tasks included (a) Lifting up a structure and cutting below it, (b) targeting objects, (c) feeding a rope, and (d) aligning objects. To control for prior knowledge, the tasks were abstract, not requiring surgical knowledge. However, the tasks employed were related to the manual tasks necessary for surgical procedures. Subjects were evaluated on accuracy and time to completion, with accuracy assessed through the measure of tip trajectory (path of tip through space). Permutations of task order were performed to avoid a systematic error of a learning effect. For 10 minutes after completion of the tasks, each subject was engaged in a simple manual number alignment quiz. The goal of this examination was to distract the subject's mind from the completed task and allow accurate measurement of memory consolidation. After the number alignment quiz, each task was repeated to test memory consolidation of motor performance.
The tasks were completed under 4 conditions: (a) silence, (b) dichotic music, (c) mental loading, or (d) classical music. Dichotic music represented 2 conflicting genres, "Death Metal" and German Folk, with one type of music presented in each ear simultaneously. The stress level of the dichotic music was amplified through the in-FIGURE 1. Flow chart explaining the study design. Novice surgeons were randomized to complete simple surgical tasks on a laparoscopy simulator while exposed to 4 conditions: (1) silence, (2) dichotic music, (3) mental loading, and (4) classical music. Permutations of the task were created to account for a learning effect. Each task was performed twice to test after a break for a learning effect. The data were correlated to the Brief Music Experience Questionnaire. clusion of inverse dynamic lines-melodic lines in the left ear complementing those in the right ear during short breaks. It has been demonstrated that the presentation of acoustic stimuli in a dichotic format leads to significant stress with decreased gastric pH and a typical "fight or flight" response. 17 The next condition, "mental loading," was created through simple, standardized arithmetic exercises that had to be performed as quickly as possible while completing the task. Subjects were required to answer questions as quickly as possible, and a silence of more than 3 seconds and/or incorrect answers prompted repeating the question. The condition of relaxation music was created through exposure of the volunteers to classical music. Classical music was presented as slow movements from Mozart's piano Sonatas, which have been demonstrated to offer soothing compositional elements. In prior experiments in surgical intensive care unit patients, we found that the observed relaxation response may be mediated by the hypothalamic-hypophyseal-pituitary axis and lead to a decreased interleukin-6 secretion due to a direct action of growth hormone on peripheral blood mononuclear cells. 18 Each test condition was presented to the novices at the initial task performance as well as during the repeat performance. The auditory stimuli were applied in a standardized fashion via headphones. Noise pressure level was standardized for all participants and set at 75% of the maximum allowed noise pressure level for operating room environments [85 dB (A)] at 60 to 65 dB (A).
Exclusion criteria for the study included hearing difficulties, motor deficits, and a self-reported strong dislike of classical music. The criteria to terminate trials prematurely were predefined and included obvious inability to cope with auditory or mental stress. Triple blinding occurred by the following mechanism: volunteers were unaware of the study design and exact parameters measured to evaluate performance. All volunteers wore headphones and study personal recording performance parameters were blinded toward whether music, no music, or dichotic music was played via headphones. Data analysis and statistics were performed by an independent statistician, blinded toward study design and outcome parameters.
Aspects of musical experience were quantified via the reliable and factorally validated brief MEQ. 19 The MEQ consists of 53 items (questions) that test for 6 scales: (1) Commitment to music (the centrality of pursuit of musical experiences in the person's life);
(2) Innovative musical aptitude (self-reports of musical performance ability as well as the ability to generate musical themes and works); (3) Social uplift (the experience of being uplifted in a group-oriented manner by music); (4) Affective reactions (affective and spiritual reactions to music); (5) Positive psychotropic effects (calming, energizing, integrating reactions); (6) Reactive musical behavior (motile reactions including humming and swaying along with music). Using the principal factors method during the development and subsequent study of the questionnaire, 2 factors were identified with great eigenvalue. Those factors were factor 1, Subjective and physical reactions to music, and factor 2, Active involvement. Factor 1 had an eigenvalue of 2.59 and accounted for 43.19% of the variance and factor 2 had an eigenvalue of 1.44 and accounted for 23.93% of the variance. We tested for those factors independently from the 6 scales mentioned earlier. Descriptive statistical analysis was performed using analysis of variance (ANOVA) with Boneferroni posttest to compare subgroups and paired t test (SPSS Inc 16.0. and Prism 4.0).
The study was approved by the institutional review board of the Beth Israel Deaconess Medical Center of Harvard Medical School. P < 0.0001) under mental loading conditions. Dichotic music also worsened performance (115%) with a high degree of variance (Barlett's test for equal variances P < 0.0001). Although the surgeons performed the task somewhat more slowly while exposed to classical music, the difference compared to silence was not statistically significant (P > 0.05).
Speed of task completion was greatest in silence, with an improvement between trials of 39.2% (P = 0.004). Speed improved 38.1% under dichotic music conditions; however, this difference was not statistically significant because of high variance (P = 0.08). Mental loading conditions resulted in the slowest performance with an improvement between trials of only 7.1% (P = 0.01). Conversely, performance improved the greatest in classical music conditions (61%, P = 0.0006). Consequently, classical music condition is as beneficial as silence with regard to task performance and significantly better with regard to improvement upon repetition. We noted a high degree of variance among the novice surgeons, with some performing similarly under dichotic conditions as well as in silence, while others were negatively influenced by this condition (up to 257%). This high variance was unique to the dichotic condition group. FIGURE 2. Data for time until task completion (speed). The data for time are depicted for the 4 conditions: silence, dichotic music, mental loading, and classical music. 1 and 2 on the x-axis behind the various conditions represent completion of the task for the first time (1) and then for second time (2) following a short break.
Surgical Accuracy
An evaluation of accuracy shows a similar pattern, but this pattern is not fully comparable to that found with the measure of surgical speed (Figure 3 , Table 2 ). When compared with silent conditions, task performance was 64% less accurate in dichotic conditions (P < 0.05) and 126% less accurate under mental loading conditions (P < 0.001).
In the presence of classical music, task performance was only 9% less accurate (P > 0.05), which was not statistically different from silent conditions. Procedural recall of accuracy was 32% (P = 0.0001) in silence, 39% (P = 0.421) in dichotic music, only 5% (P = 0.192) under mental loading conditions, and the greatest 75% (P = 0.019) in classical music.
However, there is an inverse relationship within one response domain with regard to the degree of variance of speed and accuracy in silent and dichotic conditions. Novice surgeons demonstrated less variance for initial versus posttest performance of accuracy in silence and more variance under dichotic conditions. This relationship is inverse for speed; for the measure of speed, there is greater variance in silence and less under dichotic conditions. FIGURE 3. Data for tip trajectory of the surgical instrument (accuracy). The data for accuracy are depicted for the 4 conditions: silence, dichotic music, mental loading, and classical music. 1 and 2 on the x-axis behind the various conditions represent completion of the task for the first time (1) and then for second time (2) following a short break. The first column demonstrates the relative improvement to silence and the correlating statistical test (2nd column), when the task is performed the first time. Then the relative improvement to silence (3rd column) and the correlating statistical test (4th column) is shown for when the task is performed the second time. The last 2 columns (5th and 6th column) demonstrate the relative improvement between the first trial and the second trial of task performance, as well as the correlating statistical test. The first column looks at the relative improvement to silence and the correlating statistical test (2nd column), when the task is performed the first time. Then the relative improvement to silence (3rd column) and the correlating statistical test (4th column) is shown for when the task is performed the second time. The last 2 columns (5th and 6th column) demonstrate the relative improvement between the first trial and the second trial of task performance, as well as the correlating statistical test. 
Musical Experience
Degree of commitment to music and innovative musical aptitude reported in the Brief MEQ both had highly significant, inverse correlations to accuracy and measured memory consolidation of accuracy during the condition of mental loading (P = 0.0001 and P = 0.032). Music experience variables did not relate to performance in dichotic conditions.
CONCLUSIONS
The main focus of this study was to enhance surgical performance (measured by speed and accuracy) and learning by focusing on avoidable stressors and identifying potential benefits of music. The relationship between music, surgical performance, and learning was investigated and correlated to the influence of the musical background.
In this study, we were able to demonstrate the precise influence of auditory stress and mental stress on the 2 important measures of surgical motor performance: speed and accuracy. We then contrasted these findings with performance under previously defined "relaxing" music conditions with the goal of determining whether music, as an inexpensive and readily available tool, could improve surgical performance. Our design allowed comparative analysis of the degree of influence of stressful auditory stimuli or mental loading on speed and accuracy and we found that these distracters decrease speed and accuracy of task performance. A previous study had demonstrated that certain auditory conditions significantly affect the surgical performance of expert surgeons. 14 This study asserted that dichotic music FIGURE 5. Relative improvement for accuracy depicted as change from baseline for the 4 conditions. Again, notice that the greatest relative improvement occurs while listening to relaxing classical music.
can lead to worse performance with respect to time until task completion, task accuracy, and recall of a performed task. In experts, mental loading had a greater effect on time until completion than on accuracy, but did not appear to affect recall as much. In follow up to this study, our current experiment suggests that novice surgeons, too, are affected by the acoustic environment of the operating theatre. Although this effect was expected on the basis of the experts' data, the degree of influence was greater than predicted.
Although speed and accuracy are influenced by all stressful test conditions in a similar way, we determined that dichotic music affects speed more negatively whereas mental loading affects accuracy more negatively. In addition, the degree of influence of dichotic music on performance was variable. Some novice surgeons encountered a significant disadvantage from this stimulus, performing 2.5 times more poorly. However, others operated as well as in silence. We were unable to isolate a factor in the brief MEQ that would allow us to identify these surgeons through psychometric testing. If such a factor were identified, special training could be developed to improve performance under auditory stress and mental loading stimuli. Follow-up studies will focus on preemptively identifying surgeonsthrough more extensive psychometric testing-who will be at risk for performing poorly with auditory and mental stress.
Nevertheless, we were able to identify variables that predict surgical performance under various auditory conditions through correlating outcome to the role of music in a surgeon's life. The highly significant statistical result that surgeons with a particular music background perform worse while mentally loaded was astounding.
A possible explanation for this result could be that musicians are trained to focus their thought process on the musical performance only and block out all other thought processes. Clearly this finding warrants further investigation and might offer insight into the thought processes that contribute to higher achievements in music or to variations in surgical performance.
Intentionally, music preference was not taken into account in the design of the experiment. To date, little is known about the phenomenon of musical taste. However, personal preference of musical taste, which is strongly linked to primary personality, sex, age, and, interestingly, income, has been shown to impact surgical performance under the influence of music. 13, 20 The goal of our study design was to use a music selection that would be applicable to an actual operating room environment. Therefore, the selection was designed to encompass the diverse musical tastes of the operating room staff and to negate the need for exploring musical taste before employing a music intervention during an operation. Furthermore, our music selection has been shown in previous studies to be relaxing regardless of musical taste. 18 This study is the first to suggest that not only is performance impacted by acoustic stimuli but also is learning. Previous studies have shown that music is associated with relaxation, but a clear correlation to surgical learning has not been made. We were able to demonstrate that listening to relaxing music leads to improved learning of a surgical procedure.
A recent review addressed the problem of stressors impacting performance. These stressors included laparoscopic surgery, bleeding, distractions, time pressure, procedural complexity, and equipment problems. 21 However, this review did not identify relevant literature on the effect of these stressors on surgical learning. The data on the correlation of auditory and mental stress on surgical performance from this study have positive implications for postgraduate surgical training and potentially offer a relatively simple way to improve learning through avoiding these stressors. Our data suggest that music could be an inexpensive yet effective tool to reverse some of these negative effects on surgical motor learning. The precise mechanism by which this effect might be achieved will be elucidated in further studies. Specifically, our studies will aim to identify the component of the motor learning process that is positively influenced through defined music: apprehension of the task, memory consolidation, or recall of the learned procedure. It has been shown that the interaction between amygdala-driven and hippocampus-driven activities explains how emotion enhances episodic memory recognition. 22 The behavioral evidence regarding the emotion-induced enhancement of immediate and delayed episodic memory recognition remains poorly understood in humans. However, these data may offer an explanation of how music-induced improvement of memory in surgical motor performance is mediated in the brain.
